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(54) SOUND SOURCE SEPARATION METHOD, SYSTEM AND RECORDING MEDIUM 

(57)Abstract 

PROBLEM TO BE SOLVED: To separate sound accurately into 
respective components and to attain real time processing. 
SOLUTION: A difference A r in time required for a sound signal to 
travel from a sound source to microphones 1, 2 is detected from output 
channel signals L, R of the microphones 1. 2, where the signals L, R are 
divided into frequency bands L(f 1 )-L(frt), R(f1)-R(fn) by Fourier 
transform, and an arrival time difference A X i (i=1 , 2,...n) to the 
microphones 1 , 2 of a corresponding frequency band of the L(f 1 )-L(fn), 
R(f1)-R(fri) and a signal level difference A Li are detected. Then L(f1)- 
L(fn), R(f1)-R(fn) are divided into low frequencies fK1/(2A r), medium 
frequencies 1/(2 A rXfKI/A r . and high frequencies fi>1/A X , and 
it is determined from which sound source the L(fi), R(fi) arrive, based 
on A X i, in the case of low frequencies, on A Li, A X i in the case of 
medium frequencies, and on A Li in the case of high frequencies, and 
the result is outputted for each sound source and the output is subject 
to inverse Fourier transform by each sound source and the results are 
synthesized. 
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##L (f 1) ~L (f n) tR (f 1) ~R (f n) 
iKDMimm o*yL (f 1) tR (f 1) , L (f 

2) £R (f 2) , L (f n) tR (fn) ICo^ 
TWWM^'V*/IW^'<AJSAL1, AL2, -, AL 
n&^m-rs (S O 5) . 

[0 0 1 9] A&gCD^te, 2 0ms~4 0msflffl 
#W^gP6 0 1 (BID {CfeVHTtt, 2 0ms~40m 

^t. ^^rj^*;i/rai^;i/MALi©^£ifeofe 

m<m%tt>\ ^m<bttmmxmmx\ mm 

fJRh©^TW*^^^^^« (S 0 6, SO 
7) , -f & 2 0 m s ~4 0 m s ©[^lif ^^^1/ 
^ALflD^Sb (S O 8) , mVmrZfrDCD 
tf8WXT(D 1 &%<,X3bftl& ZZ-frib 2'0 m s ~4 0 m.. 

s ommtmiz. mm&v*)mi"<)^A l i & 
fflv^TiRurr* (so9)„ f!ije(ott*t*. &m&* 



(11) 
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*ui. l^-v^wi-^l (t) tfizatam-zsAtb 

TffiA^tU R^-V*;Wt#R (t) l±fg#SB = 0£ 
bTffl#3*lS. AL#0#TT*&*l«3£lC, L3^* 
Mt#L (t) l*ff#SA=0£:l,Tfftfj3*U R^-V 
^WI^R (t) tf*(D$.tm^rSB tisxmfizn 

&R«i&3i^fcttfc«^fc»6©si^**. # 

A L i tfIET*&*U£ L^fJ^-^L (f i) 
*ifSA (f i) £LTffi;fr**U Rfflfte-flHB^R 

(f i) tt«*SB (f i) -OiiLTfflAStl*. 1/ 
t;i/£A L i O^T-ablX^lC, L{itt^#Jfl-tL 

(f i) tt#*SA (f i) =OtVXmtl^tU R«!I 
t*0«fl»R (f i) *WSB (f i) hl/tifcfr* 
Rl:© «fc e> {C UT^FWfll^HSaft 6 0 1 *»6,y- 
hfJWS#CLl~CLn, CR 1 ~CRn#ffi*3 
tU y-h 6 02 Ll~6 0 2 Ln, 602R1~60 

2Rn*mf*i*wwiira*i*. itifc, tet^nm * 
m^m^rc.m^(Dwmx$>^ §#sa (f d ~sa 

(f n) , §fSB (f 1) ~SB (f n) tt&cafttt 

«i:H»»c-t*i-f tv&«atife«-» s a, sbh bxm 
jji&f-tk , tB »c**i*hftt*ans (s i o) . 
[0020] tm^tseffir?^ «w«-^i*aw6 o 1 x 

fOTLfc»£, <B^Aa&RWttT*»L (f i) fcR 

( f i ) t© i/*<Mfiffifr&m&ifiSb y > 

fflHfc|g£jby&*. i*i&cD/S»»e>» ffi^JWHitt 
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[0021] -?3T% ^mmmitme o 1 t-swj?- 

«*l^«:H6JB«T®Bnii«:#JHtTSttl!i-S. ^©3? 

/\s'<jvmkimatt~ ^m^tifc^p^ATi , at 
2 (D&wsmc&m. xitAzi , at 2 jw&Rwsfi^* 



&fe^-V*AWWIBaiATi , At2 . AtS: 

l (t) , r (t) zmmm±x®m* 

[0 0 2 2] g|5{C^-f <fc-MC, L^**;i/f§#L 
(t) , R3^*;Wt#R (t) («*tf2 
0~40ms) «fCtt&&» (SO 2) , ^^fflSP4 
T»L^*;WB-if, R***;i/«#fc**l*ritfflR©Ji 

(t) , R^-V*-MI#R (t) IC*ft-£*l/vr>$rjft 

(so 3) , -t*i-eri7-yxa««rj6LT4MB 

StlfcfB^L (f 1) ~L (fn), R (f 1) ~R 
(f n) (S04) . 

[0023] mz, mm*v*jm#wm/\''w& 
jamas 5 t?»&«s titcm^omwm. f i # i / < 2 a 

t ) (At RT© 5 ^ (JSm 

fcnfcSK) TfftSJ^ftlK (S 0 5) , JKTeaMxMWW 
Btf^V^/MBfficmA 0 i &ffcdU (S08), 
20 ftfc«*©M8HRf#i/ (2At) <ty*g<l/A 

§ti (soe), ^©(W^^HSJWSgg^-v^-nflBfi 

^A* i^l/^l^AL i Srffi^b (SO 9) , 
t!($nfeM-^©MtS®5C f ^ 1 / A x JgiLhCMWR (KT, 
WttfclifcSO ^19*8*1 (SO 7) . Ktt7*%tk 

^«g'J^^^;i/P^u^;i^A l i &ffl*-rs (s 1 

0) . 

[0024] W2K«WMSP 601(1 ^mfrv^ji 

rmmm/ u^jimkmm 5 xm&^t=.^m^ * 

AWtfiElffife U^;i^S:fflV%TL (f 1) ~L (f 
n) , R (f 1) ~R (f n) * *i-WHCoV^T«tiS: 

MAL^COV^T{i, i©ffin»t4fttCL«3^&Rfl|®tt& 

[0 0 2 5] 4£*fc!HfcS*lfc«-3L (f i) , R (f 

1) tC-3V^Tt*H7Kjo%-ri^JC*f|afffigA# i^Ji 
J&Lh^SrlS^ (S 1 5) , nVAtX&tUZA <f> i*^2 
?r5:^L/fc'fii$:A« i tL (S 17) , Z?rV?& 1 
5 T- A * i ttn PXtXt* - n KT^feW^ ( S 

40 16), JS*TT*&4U£A HlC2»t Sril^L/fefflS: A <t> 
i£L (S18), 7.TV-fS 1 6t'-ffOTT'&m 
«A « i $.m^Z> (S 1 9) „ ZrrVfS 1 

7, S 1 8, SI GT^ttfcWWJ^-V^lWfiEfflaiA 
* i %mmL a i {C^T'^l-rS (S20)„ 



[0 0 2 6] 

Aa i = 1 0 0 0 • A <t> i/Zit f i (5) 

a«iaftfcflr*L (f i) , r (f i) ^(ws^jpitea tin "*®««B^-v*^iaeflEBSA# i*«iE-e»s*» 

tit=M£rltm 8 fc^-f <k e» CHWBS^-v *^iai fcM^ (S24) , iET'&tili-e© A * i S:-?-©* * ffi 

al (f i) mmvx. mm** ± z-mz&fe-r tih (s 2 6) , ^v^s2AxiExt£\^\i a<p i 

€>o HPt)AL (f i) jWEfr&W* (S2 3) . lE-Cfe 50 (C2 ?r S:iDffLfeffl&A <f> (S2 



(12) 
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10 



[0030] z&miit&mvmtf 3 mxtv&mmx 

£ S#%&£##>.5 Z £ \Z i ^ T#*2S##fCo V at © 
^^*;1/K«fT^Ati , Ax 2 , At 3 Srfi[ffifS„ 



7) . ^f'^S2 3t*AL (f i) #IET?fctt*U& 

(S25), jr?&*U£ fOA* i &-£©£* A* i 
tLXm^JL (S2 8) , ^^S2 5ffttftttn 
fcfA* i**e>2irfctt£LfettfcA4 i £ LTtfcfrtS * 

Aai=1000 -A*i/2refi 

BIP^A a i fc, iWSCfi»t*WWW^^*-»HBi/<n/ 
HAL (f i) in6JCJKCT*»fi#ffl ! Rf 

fc£tvri*{fcf$gA * i WSBCfcVvrttl/'^&A 

^*^W»IIBS6A<7i3WiET?»S3^6|^< (S3 
4) , jETSMltf. *CD^i©L«*--v*;i/»9L 
(f i). fcflHfrSA (f i) fcLTtftfjU RflfflTtt* 
^*;WB-§-R (f i) SOOffSB (f i) tbTffi 
*f* (S3 6) . *^y7 p S3 4T*^^!J^*;WI# 
IBBSAoi#H"r&v*#&H38»lcSA (f i) tlTO 
&ffi#U SB (f i) tbtRHfAr^fR (f 
i) fcffcfrtS (S3 7) . 

[0 0 2 8] IfltCfe^TH H6tf»©^yy 

S 1 OT«kmbfe J IB«M^-V*^U' , ^|AL (f 
i) #jE-efc*;fr»< (S3 5) , IET?**U*fS*S 
A (f i) fcl/TLfl^V L (f i) &ffi;fr 

U SB (f i) £LT0 (S3 8) 0 7,7- 

V ?S 3 5 X L i *ffiET?J5fe WUf S A ( f 

i) fcl/COfcffiAU SB (f i) fcLTRHIWW^ 
■VJM/«#R (f i) SrtfcfrfS (S3 9) „ 

[0029] &lt©«fc e> tC UTSWW&C-D^T. LfllXtt 

RM^ffi^sn, wm^nmiK, 7BT'-en-e*i 

1) > fOl^UfeffSA, SBitfJ^fS (S4 

2) „ GLmwLfr£$iz, z.<Dmmtc-t3^T& m 



* (S29). ^tie>^T-y^S2 6~S2 9©^rtl^© 

tvxmMisftz (S30)„ 

[0027] 

(6) 

fc^Tfc, «flWS«>*^^*,n«IWIBBI i fcATi # 

6at 3 ©ifn*Hc^-ts 0 £©&£©##&, mm 
mmixm^htm^ (3) , (4) ^rhsk?**. * 

2KfWJ£gP6 0 IT'tt, MilbT, Ati >0, At 
2 >0, At 3 <0X*&Z>m&XWm-t&. Z1Z1T% A 
ti , At2 , AT3 ii-etl-^tU ^2SA, B, C#fB 

L«^&R«©«fe9lv>TJWJbfe«4:'IKJfe+*. 3© 
»£, W2IAiiL{i©v>f*n/fc;/ifC:e<, «jRBti 
R{i©V-r^n^>2©a£<}C&S 0 «koT, L^*r* 

;i/©ft^e>, »W9!f?-v*^iaii9iBes3VATi 

**;WBP9IHBS#At3 fc&$»«<zto#fe&n*LTffi 

[0 0 3 1] ±SfiTtt«R«-9S:^MIIU 
*WH»SA. SBfc«B!lcmAUfc. b*»U 
— #©^A»$fflS#KJ:MF*ro&y» ftW©W2RB 

Sr^SfSftffiU K«?:«Iffi^-Sfc»{c=fe3©^&j@M 

30 J8»7A*:»U l.^iifiST^-r#9cti©WS##^^ 
SP7B, >f-N6 0 2Rl~6 0 2Rn5:#B&t-tl««fc 

[0 0 3 2] -#CD*jRA3WBD&©«« B «k 

itr«u 0 1 0 ic^-r J: e» tcs 1 {cfe^T^^itgp 1 0 

IW*. «*tttf«A©«-l£A (t) ©M?26^il2«f 

1 ~ f n T*«*i<*F«B ©#-^b ( t ) (Dmmmm* 

fl~fn (fn>fm) ©^, M^oTV^V^Jgc 
40 f m+l~f n<7X§-%%:'?-4 1? U-foy 1 , 2<Dm±frib 
^HU Zl©^f m+l~f n©ffi#{COV^ii, ^ 

wm&mm 6 0 1 ©^M«m m&\z ±0 t-owkm - 

WSSfl^f»6 0 1 li. WMB©«#t bTSm-rs 

^*;ws#sb (t) £Lxmm-rz>R(D&§i2ftt=. 

m$frV*J\><B^R (fm+l)~R (f n) £**T^ 
tlSB (fm+1) ~SB (f n) tLTffi^U SA 
(fm+1) ~SA (f n) ItO^m^^^OlZ^ 

wmamm 602 w*>f- h 6 0 2 l m 

50 + 1~6 0 2 Lnli^gaiiU y-b602Rm+l~ 
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6 0 2RnttSMi:-r5o 

[0033] ±tti&mmf-v.*jimNBmL o 

£¥![S!JLfc. i*ittv>f £ U&y 1 £: LTi^^©2^ 

©<fc-Mc&«!>*UfJ:v> 0 
[ 0 0 3 4 ] &MA©flr9tf-?>f £ □ * > 1 , V^f ? D 

*ftfrr>f * n * > l , v-f£njfc>2 tSBt-i- S^J^gtJ 

iBrawttfcATB t**i*ri"r*. ^©h£, msso^- 

■v UOi/g© vvjg a L thti 

ALth= (ALa + AL i) /2 

£U ^«^*;i/|W^©b£v^Tth& 

Arth= (Ata +Atb ) /2 

4:"f*ltfJ:V\, 3feKj*^fc*ft«rettA Lb =-a 

La, Atb =-Ata ©#^-TALth=0 > Arth= 

l, 2(c*fi-sggf|t > ■*filJ* j B-rL%»iEL<»*b^t>T 
Vufev4te#&y, LSvMiALth, AzthfcTJj^iiL 
T> ^H^«fc<#*5tlSJ:e>fCALth, Arth&ilSgrer 

[0 0 3 5] tm$mmmx-\m&<wm^m!gx<D%m\z 

0!&9cfc&'<«. Si ltojrtJ^lc, vW^njh^M 

1, M2, M3H 0U;t«lj2#2O cm©lE^!7£© 
BLA<Z)^£KK3ftTVt&. V>f*P3jx>Ml~M3 

>Ml~M3*^ltoHC4«&#r*tteK:tt, m 
*.l£Bll 2(C^f«te>tC, !/->Z 1~Z 6©<fce>lC6 
flBcaflJSfl*. #7-fifQ*>Ml, M2, 

M3t *©*4X£Cp 5r-5-tl-etlilSiiDj«{C J: y, tfi 
;£\&Cp £ ^Wc^WSIflWr 6 £«S fife 6 o© i/- > 
Zl~Z6jWB*a*l*. *jRAttl/->Z3tC ^ 

Bttv^>z4C4fcKL-Tv*s. o*y, i florae!/ 
->fctti«©£«WIM-*J:^ v-f?njfc>Mi~ 
M 3 ©ffi»$4#f£}cg-3v *T#WR/- > SrSi^t So 
[0 0 3 6] Hi l fcfcwc, fpgc0»4 1 Wu v-f 

* n*>M i -&mvtc.m i *-**/i/©*»flras i & 

nm&mwmmm^s 1 (f d ~s 1 a n ) \z# 

SJU dH4 2T-V-T^n^>M2T*Jj2 ; irbfc||2^ 
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* ZJMXmm-* S 2 £ nffi©MfflRffi!|fflt*- S 2 ' ( f 
1) ~S2 (f n) IZftmU H«d«iat4 3» t 

* B 3 X'MjgLfcm 3 *;i/©*»»9 S 3 £ 

nm<DMmmmmS3 (f 1) ~S3 (f n) IC# 

i*i&4HW«f i~f nitftmom* i~4 
3T*a-e*y, 3© i e> teffl&miimmy-v x 

[0 0 3 7] ^i®#8ig|S8Ott0172OTl 0£#figL 

10 5„ fc£LHl lT?fcfr7-Y*n#>#3oT?**a*e>, 
3©3o©5 1 -V*;i/©##©#2o©j®-^-&{Cov^|WI 

atfcaaafcff-d . t^o -r#aK&ttK 8 0 ^©^^fjjsp 
wwe»«»4 1~4 s&jHMrrszfctiTf**. m 

3!li/^;b (At7-) ^ffigps i-tfH&HR8lS4 iT#e> 
tlfe#^«e©##S 1 (f 1) ~S1 (fn) (DV^Jl 

m^p (s 1 f 1) ~p (sifn) tmm 
atu m^{c^^g!iu/<;i/^fflg|55 2, §'3T*-tti«n 

mm^M4 2, 4 3T*#e>nfc#^Jgcm-^S2 (f 
1) ~S2 (f n) , S3 (f 1) ~S3 (f n) ©# 
20 P (S2f 1) ~P (S2f n) , P (S 3 f 1) ~P 

(s 3 f n) j^tnenttffian*. zti^mQi"* 

^■*feWftW7-ya4a»K:J:y^^h^lci&» 

S4 o ox^mzimt&hmzznv^h 

30 [00 3 8] — -fi&Rm l^OlfeltiB 6 1 X*-?J 9 D Us 

yu. l T-JRWStifeS l -v *A«>*Wi# S l ©^M 

wbw^i/k^/ (A°t7-) p (si) A^msn, ^ 

»«W</l4feffl«J6 2, 6 ST'^^tlV-f^n^M 
2, M3T*^tl-?tl4Z ; if$nfc||2, #3^-V*^/2, 
3 ©=S-W#m-^ S 2 , S3 ©^JfMSSK§;^© P 

(S2) , p (S3) tmmznz, 

[0039] tsm&ami&toi o^tt n>^-^ 

*-f, ^«cg'J^;i/^ffigP5 0{Cj:y#e>tl^Jiicg!lb 
40 y<JVP (Si f 1) ~P (Slfn), P (S2 f 1) 
~P (S2fn), P (S3 f 1) ~P (S3 f n) 

m-<D^m<^s^z-D^xms.KtiM-r^ a z^x 

i~f n#tc, **^*l/K;i/©^^^;i/$: 
[0 0 4 0]- §^Jffltn Zmim£LtlZirZ>Z.tlZ 

mm^ t *>v£ * n ^ v n t sut&s <fc e> iz ■? s » i: wx % 

&<OX\ W— ^Jgcf i ©KN/P (S 1 f i) , P 

(S2 f i) , p (S3 f i) i*. m-^gffifriDcmm 

50 ffll/^;i/tl^f3t^t'g5„ J:ot, Hl-035 1 
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•v*;mcowcb— <d^o>u^vp (sif i) , P 

(S 2 f i) , P (S 3 f i) Km&&££g\$. m 

[004 1] Kna^oaoj^^ £««f l~f n&CO^ 
JH»I>-^n^8«W«CD^t«!tz l, z2. z3£g[ 

9 on/io oRjdsreawui*©^**;!/© 

frU Xto\s*Mte&*&6ff>&9m&S 3 n/1 0 
0, #lC£ftt@#*£VvfB#4 9 n/1 0 O0J§£te* 

fcv «6oT!!fltetW^*b«£ Lfc^MT h p, 
«*tfn/3gKfc**.fci:S. ^l£#S1f!t£*fF£:-fS 
^•v *;i/0v>f * a*:/*:-? ®#&KfflK%ri&v 
ft. 

[0 0 4 2] *£. i©«W«B!|Jfe||$7 0lC»4. ^ff 

*Si/"Oi4WH9i6 oT*&m£*ifc#^*;i/0w<;i/P 
(si) ~p (S3) '*)A*anr^T, ^nvOMD 

*«e«H»8«oa» 9 o -t-f7e> . * y ttmfi* s a i 

fif-^SB itcJ: ij«f||9 S B fcflEEU WifSA 
B i IC «fc y mMff? S A, S B SfflEfrTS. 

■sflean 9 o mznm^ >yf9A, 9 b tfitm e>tu 

*«»IOT8 0©ffiASSf?-tA , t B jWSB!;*>fy*-9 

a, 9 b tact, ffi^j&?tA ' , t B ' izm&z 

*W «P«B-»SAiK:j:»;^v^9A#W4:an. ftfl 

«B*sBi»cj:»;^-ff^'9B««iw4:an. wots? 
s a b i jc «k y x>r y * 9 a, 9 b jWftjcMfcan*. 

£ 7 b-A0ff^ fg-if SlffigP 9 0 T?CDifoffiK:fflV ^S 

5o gflEE (MHO #3SAi, SBi, SABi05g£ 

[0 04 3] Hi 2tcs*fj:3K:*WA,- 
*LTV^ftl#T-f 9 UftyM 1 ~M 3 %miZ.7jkLf-£ O 
KUgU V->Z1~Z6£&£U WKAfcBflBU 

flffl !/- > z s , z 4 K*ft*fuCMt*-* «fe e» tc-r s„ 

ZL0B& ^ACDV>f^n^>Ml~M3lC^ttSgBt 
SA1, S A 2, SA3&, SA2<SA3<SAli: 
fc-5„ ' * fc, fSB©#V-f * D3iN>M 1 ~M3 
&KNESB1, S B 2, SB 3 (2. SB3<SB2<S 
B 1 £fc6„ 
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[0044] ^m.\y^m!,m onmm^v (s 

1) ~P (S3) CD+*TjraHHaThRJ:y%i/J>SV* 

U «Wfi*SABiK:J:y,'WifiFWi-»SA, SB& 

£0£:£, ffi^fiifSA, SBli&M 

(si 3©ioi, io2) . wasAo**^e 

C-) T*gBif50T% r©7-fi'n*>M2fflft* 
10 /l/©#fff#^z 2 

[0 0 4 5] ^FWBCDifcWWfbTV^fcStt. 

*0Wt^0^T©^0M$^##v>f * n# 

>M3a- #*gfr^L/<n/7*BBe-*'&<Z>'e, Z10V 
-Y *n*>M3<^**;i/<z>£tfW*»z 3tf*fe#< 

#V-f * n*>M 2 fcM 3 TfiSWS. 
[004 6] Ufc««oT, ItflBbfeS^fiiThPlCj: 

s^vw * n * y- >fcw»w-rs 

TVV5fc*»i» z 2©»*^^aThPS:^.T, 

-yz 3T?fe-5i:^ffi3tl5©-e, «WW#SBilCJ: 
y=&^## S B &fflJftfJl,T, ^ff-^ S AO^&ffi^jS 

(01 30103, 1 0 4) o 
[0 0 4 7] *£, «RB©**%#LTV^*fc*t*. 
30 z 3©*A^^fflThP&jgAT, «#UTV^*^FtW 

«WB*SAi(Cj:y«#«#S 
A^flfflLt, «W9#SBffl»S:m*a-ttS (Ell 3 
01 0 5, 1 0 6). $fetC, ^A, B#&JC|£grL 
TV\T, z2, z 3i:%i{cae|iiiThPS:iW.&fcS . 

^0«fce>{CbT*)S= *£, z2, z3)WftlcaH!fflT 
hPtC^bTV^*V^^•^i, l/^l/P (SI) ~P (S 
40 3) #»ttThR«:ttitTV*4&«y, l^WMA, Bfc 

%{ci§^lt nmmu mmm^ s a i , s b i , 
s a b i <omi%mfr&r-. «ff§9 o "&*&m 

* s a, sb jcjtf -t£»ffitt4?;b*i& V \ (013010 

7) . 

[0 04 8] J&Lh0«te»lcbT, MjMKaS8 0TiHi 
S A, SBH 7 01CJ: 

e»tC^5 0 01 2{C^b£:ftffittC*fLT, Efl4{C^f 
50 «ke>{C ; ipaSCS:V/->Z6{CiII^.fe^^ 03j*L&^ 



(15) 
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tfitmvmR so wasAtc^-r-s^sA, 

[0 0 4 9] *&, #^#JJEE8P9 0}C*fLT, 

neap 7 0^, itsA feacEt sflomi* sau 

S B fciN£-*-&«mtyr9 S B i fflflttc, ft* S C 5: 
*BBEt-*«l«i-»SCi«<HJ**a. ifc, ff-^SAi: 
S B Sffiffft? S A B i CDfflWC S B fc S 

CfcflEE+**W»*SBCi, #f SC^SA^fE 
*SlWjlHt#SCAi, ##SA£SB£SC<Z>£g|S£ 
flEE* S A B C i jWUa+S. 3©»fft& 

[0 0 5 0] *t\ l//<;i/P (SI) ~P (S3) <D± 

B-tfimmr h r t:**.T fe*fcv v %rft©iWR 

»7 0*6SABCIt»ALT, «fSA, SB, S 
CCVvfflfctfWEESftS (01 5 .CD 2 0 1~2 0 
2) . &fC W2SA, B, C#W£M£&T-3§WLT 
V*4»£li. P (SI) ~P (S3) ©flHxMfcThR 

z3©v^*H*»*9BIHrrhPS:j8il.*. tn, 
C©»#»fFbTlr zl^ThP fcjftsL fttj 

»SfSAB i fctfcfrLTff-ifSA, S BtfJIftESttS 

(01502 0 3, 204) „ *fc, WRA®»««9B# 
UT^5#£te, ftfJWS^SBCi^m^UT^S 
B, SCjB9flEES*i*. S^jfC, *fl(A(Z)&#9jftFl,T 
V ««KS-9SBCi*i«m*0T#-9SB, S 
C*^p£E3tl-6 (01 502 0 5~2 0 8) „ 

[0 0 5 1] 3o®W^A~C©o^©V^tl^ 

D*>M10 < xltf. fife 
©2MCDV^^n^>M2, M3©*g« x 2, z3fC 

[0 0 5 2] iot, TO>%«JMrrhQ «Th 

P) SrKSU z ^^©g^ThQj^Tic&stiti- 
f!ILfcy->Z5, Z60fe vW^nsfc^MlfCittV* 

So S&IC VW"*n:fc>Mli:M2T*fflW&2afl!ll/ 
fel/->Zl, Z 2©3t>^>f *ajfc>Ml{C32V^./- 

[0 0 5 3] "i-fctofc, y->Zl, ZSICfe&ffaB* 

IBUT^&V^frJjgStl-S. o£»J, #2SA, BC9»tf 
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U fl|-9SC*SW£Eatl*. Sl4^Lfc*yHT*3^) 

©^A~c©e>-fe i o©*#8HFisTvi&t>£&id5i 

1, l2, z 3{;i^S£ffiThPJ^T£:fc5fc«>, 01 5 

icfcwrx-ry:^ o 3, 205, zoi&m&u * 
fy^2 0 9-e, z l tfgipffiT h QJBtT^feBH. * 
®C©*#$8WLT^J&t7*U£ x KThQfcfcy, 
«WW#SCi3l»<*iaa*l* (01 5©2 10).^ 
10 >y ^2 0 9 T* z 1 #T h Qfirn**tt*tfi Z 2 , z 3 IC 

hQ«TT?a^*Sf«A©*. Xtt'fiFWBfflatfqOTPL 
TW&^ilflteSft. *hH0WW^#SAiXttSB 
i*¥BEE3*l* (01 502 1 1~2 14) . 
[0 0 5 4] T&yfi 1 3T*z 3#ThQ«TT*&^ 
fcJfifitStlSfc, MA, B, Ctt£T*»LTlr*<5i: 
WfeStU ra*l©fj^^3^3*lfc^ (01 5©2 
15). z:®i^S¥iTh Ptt2 n/3~3 n/4l 
.iaBHttThQttn/2~2n/3Slfe T3*y«a.tf 
20 ThP?:2n/3lSi:t ThQ«n/2@SfC 

[0 0 5 5] fcfc, JBJLhfiDfcnJtt. »;->tZl~Z6 
©6o{C£ttfc#, 016{C^-tie)^ tfrlX&Cp # 

&#v>r * n*.>ia©(pj*sji6j*(ifc «t y 3 o©^- 

>Z1~Z3 tC^WTtlflWKl^WWBfeflljeTai*. 

ZL©#£fck *iiA©#aW&LTv^l§£- 

& V-f 9 U * >M 2 © * * *JM9mm X 2 jWftfc* 
^<^SCDT?, •?"CDV^f^n/ix>M2©WlSV' r ->Z 2 

30 Tv^*»^B:z3 3W»%i^c3f<a!»j, y-^ZSIC^FW 

zi3W>«>wjei/feffiTh 

QJ«TT'feS»^{Clt, v>f ^ D*>M 1 2 as J:Ot 
M3 k J ttl j etl2&lsfc.5* > G))/-yZ 1 fCfeS^tt 

£ 3 £«[ LT %> 6 £10© s t IQtKtcVMzyKMIS: W 

[0 0 5 6] *&, S^fThR, ThP, ThQli, 

±T©v-f ^ n*>M 1 ~M 3 T*iiiMtt : §:M^jyg£--e 

[0 0 5 7] "g&Rtf 4ffl®«£tCtt. 4^@©V 

>f^nii>>K:j:y, ■f@^O^-v^;i/C0vW^n7f;>^i 
^©WaSSrlisieitc, 01 6©£#J^i:^{c4'|@ 

ti, 01 5®;*-fy>f2 0 i~2 0 8i:|si^^affl{c«t 

50 V\S*»&flBM-* 0 -£*ie>vvrm?fc&v^g, 01 5 
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<z>*-ry:72 0 9~2 i4£H$fc#yi{c<fcy, 41® 
ft© l flWfteapfrfcfl&t U l flcofcWfcfc^i: SB l 

WbTw&££ (HBWdWcofc*) 8u -e-©£3;i:b 

T^JtV *© 3 *B©I*!© <fc y S^fCiSV ^ 1 fifcilglj 

IBWtftThQ^feThS (ThP>ThS>ThQ) 
fCj&L Ell 5©#^-5 1 y^2 1 0, 2 12, 2 14© 
#«CDSCg»CHl f>(0^rV^2 09~214 ^RHKft 

«aaw)-fciatf t, 3 mow* £> 1 <@©&sif icj£v ^fh 

[0 0 5 8] c:©j:-Mc, *«©|ft^<&s»£, EI 

1 5<DXy L VZf2 0 9~2 1 4 <DNffl&8&1&Vi&tZ. 

fcj^r**. fesu ^gPfflThs«^©8iyig 

bjW»*.*«£, ThPfCi£tftt5. Rl:©#y»£# 
j|ffe-f*n>ic/#4«. WR*M«©»#fc:ovvcBli 
7Kjo%-*" £31C&&. *"fv>f^a*>Ml~M4 J:»J 
Sfil^4^*;i^S l~S4&Jft&» (SO 

i) , itifef t$;i^-ts i~S4©M;i/P (s 

1) ~P (S4) £-?-*ve*v&ffib (S02), rtvfe 
W<;i/P (SI) ~P (S4) <Dntl^)t)W&&T h R 
J^TT-feSfrfel®^ (SO 3) , «q^TT*&*itfW 
jll^SABCDi ^UMif SA, SB, S 
C (SI) ©ffi*«:«!EE-r6 (S0 4) . ^fy^SO 

3 TH3*ij**WWtT h rj£tft-& *u£. - v 
fl» S l ~ s 4 & nflWBcawr* fc#ic-€-0*fr*«0> 

l/^l/P (Slfi),P(S2fi),P(S3f 
i),P(S4fi) (i-1, n) fefcifc* (S 
0 5). «ft**HT?H-#«f i ©W^b*©* 
*fflft*;i/f iM (Mttl, 2, 3, 4©faixjW & 
^WWcovvcftjfcb (S06), (nfl) #T* 

fil, fi2, fi3, f i4©fr&fft6z 1, X 

2, x3, x4W5 (S07) o zl, x2, % 

3, z 4 #©&*©%© zm «:#«> (SO 8) , z'm # 
S^tT h P 1 (#9*.tf n/3 ) JgUi-Wfe&frfeW* 

(S09), T h P 1 VXtT'&tti&vJVVMZMmL 

*;i/MjgJ0to^3*ifc** */i/©£iWfW&9«: 

HffiiN5ffl^-»SBCDifc£fiW-& (SO 10) .' 
Tst-v-JS 0 Bj&»&tffeC*5 t <y?'S 0 1 O^ott 

[0 0 5 9] ^fV^S 0 9T?i»Hffi^Tfcttfttfz 
M tfWHST h QJSilT©*"V *^M#«***»feW^* 
(SOU). ThQJ£CF©*©#fctt*tf£ £T©W 

3&V> (SO 1 2) . 7f>^S0 1 IT'ZM #ThQJBil 

LTimzfrtL^m^ mm? &mms9 sm i & 



(16) !(W10-3 1 349 7 

30 

(SO 1 3) . 

[0 0 6 0] ftmm*£M i x-tmztit-ima&Mts 
titdtmxBW ©**x w&»Kaav %%© fefflE-r e c 

li. S 2c+ lb (SO 1 4) (SitftbOlzWSitVX 
£<) , StfM-1 <Mtt«©R) fc-RLfefr&W 
^ (SO 15) , -SJtbT^JSMtftfct ThQS:+AQ 
fc'tt^bTX-ry^S 0 1 1 KM& (S 0 1 6) . S 
*<M- lKlfc**T!ThQt:ThP ftjBit&V\|fflT» A 
Q-JoifSDaiar^v^S 0 l l &H?rf S. x-ry ^ 
10 S 0 1 5 T'M- 1 = S T?**ltf. *•©!$© T h QJ£CF© 
#zm ©#?**;i/Mfc^+*^SftfcilH^9«: 
*WE"t*««MWfi-»SMi (S 0 1 3) . & 

»CJt6UT^-5 t 'V^S 0 1 5T*M- 1 = SlCfc5fftCX 
fV^SO 1 3{C^oTfc<fcV\, 

[0 0 6 1] ^fyyS0 7tz l~z4£ff^bfe 
ft. 3tl?)T'ThP2 («*.tf2n/3) JgJLh©%©# 
%&&&M'*. fcttfto-f-y^SO 1 Otc#y, fctftt 

Jto-f-y^s o i itc#&«fce>(cbT : fc.j^ (so 1 

7) . i^T-{*WM8&©¥ifS£±tf£fc«>, v>f*n 
20 ^Ml~M30^*;^Sl~S3fflfWM 
bTfB#8Jffig|S 9 0 KS#T*«Wfl»fc£jfc 
bfctf. W«BIBIM&^bTiW^#t4flW*r 

[0 0 6 2] ^©M£EU 8ic, Ell 1 4:*ftSf 

lTfW&tlfc&WSf l~f n®ifSl (f 1)~S 
1 (fn) &&3BS$m£flr9An (SI f 1) ~An 

(s i f n) immimmmmi o 1 -efcmsn. 
imc«i*dm4 2, 4 3T*ft-ew&&*ifes«« 

30 ©^S2 (f 1) ~S2 (fn), S3 (f 1) ~S 
3 (f n) fr<D*ft?*l$mmmm-%An (S2f 
1) ~An (S2f n) , An (S3 f 1) ~An (S 

3 f n) tmtmsmmsMi 02, 103 T-®mz 

[0 0 6 3] Z.*lb<D9B&#Wmmi3rWH>fm& w 

1*S^1M) ftJHBU H-CDWSf i<D«#Sl (f 
i) , S2 (f i) , S3 (f i) (i = l, 2, 

n) <D&mmmzam-t^ztx% m-^mm<z>m 

^^#.104 0 T'©^#i», 1 o©^^ctCtt 1 o©H& 

[0064] z (D&m^m&vymujm*. mz.& ^ 

■i V n*>M 1 ~M3 ©VNTtlfrfc^flfCbT*©^ 
v-f ^ n*>K^t*HBti»iaB6S: 0 tcaafibTfeW 

a. fls©v>f ^ n Kifrt zMmpmgittogm? 

>f^n*>»d»bTi«<flBlbfe36«<BBtbfe36v-eW 

jfeTf**©Tf, jExw^o^&WbfcBtareS'trt 

50 3©«^, ^v-f^n^>&M^.lSMi h 



(17) 



10-313497 
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f -Si:, £03at§[iggf9#An (Slfl) -An (S 1 
f n) lfc£T0£:fc5„ 

[0 0 6 5] ^ag^fHf^SPl 1 0-Ctt. ai/fc?a-# 

^^gfj^^^ffigp i o o tct u#&n«9!Btimifli 

fAn (S 1 f 1) —An (S 1 f n) , An (S 2 f 
1) —An (S2 f n) , An (S3 f 1) —An (S 

3 f n) n-^mom^z'Dwxmmz.im.-t 

*. ZLJUCjcU&^f l~f n^C, *«i#^t< 

tO 0 6 6] -e^T*, #***;m:ov*t«*&!*&ss 
##*gv>^*;i/©v^D3ftMf if, WtUcffiv^ 

mm&^ffimtmtbmfe Lt^mmr n p t 

[0 0 6 7] ^©mRMigigiii i ofcte, £ 
flfttw<A4tei«&6 OT»^mstife#^-v*;i/©ix^;i/ 
P (SI) — P (S3) *A*stu &5^-y*;i/©u 
<U/*^&f^Ufc«^ThRRr©«ltriCWu ^-© 
•9 1 -v * ;i/© v-f * n * us y- > {c «, v \ 

£¥05frr5. v%*® l 2ic^Lfe«fce»(c ; ip2iA I Bjc*f 
U v-f ?D*>Ml~ M3 $rI2SUfei:t* *fev 
■i V n * >M l ©^ ^ *;wc*ff -sftiB U fc-£#HPg$fc 
V-^ #njft>M2, M3©#5 : -V^;MCMt''5 
MNS^&Wfftz 2, x 3 £-f5 0 

[0068] zvm&bmi 3iz7jkhtc.%m£Mtm& 

tc-Mitfj:^ bp*,, s^, £*Wi/'<fl4feffitt6 0ffl 

&ffi#-^P (SI) — P (S3) (D-t^XimmmTh 

R&vib/bz^tn (ioi) , wasA, Baawur 

V^V^jiJ&U MWfI#SABifc£jftUT (10 

2) , imMt#sA, sBfefljE-r*. zicDts, m 

AttSA' , SB' ttMWf£fcSo 
[0 0 6 9] =gmA<D&tm&LT^2>£%\& "toyg- 

^^#?§ < SMf -5 ©T% ICDY>f ?d3ft>M2©^-V 
*^O^ff«a«Rz 2 36«Rfc#<ai*. «g(B<z> 

hx v i: £ «u -g-©^^©"*- ^T©*P£ 

©M»&## V-f ^Dtx>M3 < SB** €> © 

X\ 3©V>f #OJfc>M3©^**;i/©^ff^|g& z 3 

[0070] s6jc m^A, Binmzfmvx^zm 

mr h P{c J: *j N tiif^^v-f * n^>^s*ii 
< SflS-t&^fWSa&tf, HfttK&ttT h P %SS^fc® 
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[0071] jaacffirw* wasA©**wuTv^ 

z 2©»jb<»i£grrhP&jS;tT ®3©1 0 

3) , ^&#g£LT^5Wi*##£-f5©«:v-f?D 

^>M2^U5V r ->Z3T*feSt^ffi$nS©-e, fj 
WflWS B i (10 4), *VfS9S Bim 

WStU fS"^SA©*i^ffi^$tl5 0 -fcfc, ^gB©* 
AW&LTV^h^tt, z 3©##a*|SfirrhP&jg;t 
(105), *«BLT^MF»#??tt*SCD«U V-f 

9 u &yM 3 tfwj-s \f— y z 4 -e&s tfemz tis© 

10 T% Ilimi^S A Hm&tStl (10 6) itSA» 
fftl£nT> -B-^SB©^ffi^f3tl5„ 

[0 0 7 2] i®#TCttTh Ptt«A«n/3gaBCtt 
£3*u W2KA, BtimzmtLT^X* z2, z3i: 

WSRA^ilM-^ro^SrffiASitSZl^feT' 

^5= z2, z3##Kae«rrhPfcm,T^ 

&\<\m&\£. v"<frp (si) — p (S3) -trngmT 

hRftjBATV>6»y, M#?!RA, Bi:%;^C|fi#LTV^ 
20 SfcfdWfU «Wfl|-»SAi, SBi, SABKiffi* 
*f <H3©1 0 7) #^«I£E3|J9 CCHSWIfS ' 

A, 'SBV3tt&fW£\ifit>tl&l>\ 

[0 0 7 3] Ell 2lZ7Kl>tctmizMLXmi 4lC^t-T 

aiB Kj^is-rsfli-^ s b ©flfifc, wa^c tdyjst- 
sc^m*-rs„ int^LTWWttBWijaBi 10 

flr-»SAfe#WEE-t*1|!|«Hi^SAi, ##SBS: 
«E-i-451W«HS-# S B 1 ©ftSfC, fl^SC SrfllEE-r *« 
30'fMt^SCi««WAU M-^SAi:SB$:«I£E-r 
S A B i ©fl&tC, ff-^ S B £ S C ftmffi-r S 
HJWfS^SBCi, ##SCfcSAfc|flffi*S«|«»# 
SCAi, fl^SA, SB, SC©^gPS:fflI£bt--g.frj^I 
««SABCi«<m*t-*. -tbT, 3©^»fH(^ 

[0 0 74] *T> U^;i/P (SI) ~P (S3) <Z)^ 

A~C%»»fifl/TV^V^©4:J|WfUT> #^b»J^ 
40 »1 10*»&JiSABCij6i«ffiAbT, ##SA, S 

B, SC©Vvfih*»fl9lteEa*l6. ^KU W2SA, B, 

^2M©«^i:[wi^tc, -f(zyfiFacjc*=bievw-f^n 

**;wd#«Rz1, z2, z 3©v^4x^*WPfiST 
hP&@A€. 0 -tUT, : ipaSC©**WbTV^5#^• 
t*. Wif S A B i ^ffi^j LXm-% S A, SB A^pffi 
^®A©**^iPLT^^S«^•^i, ffifHl 
«-*SBCi*«ffiALT^SB t SC*^tJffi$tl5o 
50 «RB(Di>3W»oTV\«»^»i. M^^#SA 
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C i tfffcfj LT## S A, S CaWEEStlS (Ef 1 5 © 
203~208) . 

[0 0 7 5] 3o©W$tA~C©e>*>©Vvf;ft;fr 
1" S V- >iz&& v-f * n * >©9!Btl&H©tt%riftv 

jJn>m i ^<Dmmmtfm*)& ^mc % 1 ft&© 2 

[0 0 7 6] ioT, ^»&5ggflfif[ThQ «Th 
P) fcKJtU X l^-eoS^BThQJ^T^S^ 

t!IL&y->Z5, Z6©fo vr^EHto/MltCiSH 

3£IC, V^*n*;/Ml£M2T?£|S&2££!lbfcv' 
->Z1, Z 2©e>^V>firD^>Ml(C3a^!/->Z 

[0 0 7 7] l/-yZ 1, Z 6fC&5W$Wi 

te*fc*SUTV*&V*fciR&fr**©T**.&. dft 

$BbT^&V^*!l)£3;ri5. «HA, B©*^ 

ftTM#SCjWj£$*l,5 (EI15©2 0 9~2 1 
0) . WiKA©^ ■*«B©»«<*jri-Pn«#S:»bT 
V%«5Wy->%», IQfKiCfffJggtte (01 5©2 1 1~ 
2 14). 

[0078] jl, Z 2, z3#i:%caSW!T 

hQJKTTttfc^fcJRfifcSti**, *fl(A, B, CI**© 
£Tj^^fc»LTV*Sfc«)fcS;riS (Ell 5 ©2 1 
5) . fcfc, J5U:©$lT*li, 5/->tZl~Z606a 
0 1 6 IZijk Lfc * e> 3 o IC^ttT 

A©&#a&UTV'S4ft&Mu v-Y^n^>M2©^ 

*;i/©W«tt x 2 jWMrfcts < &5©T*> -tcDT-f * n 

2 ©US l/-yZ2 K : tmff3b& MHteS ft*'. 

<^ura^cy->z3icwa5A' ! fesi:f!i^ti<s= * 

fe, X 1 sW>«)«g LfetfT h QfitTT?**«^C»t. 

■7^^n*>MUM3T*S^S:2^Lfce>%ffly-> 
Zllc»*«attt«#LTv^v^4:fllSU WD<v-f 
*n*>Ml £M2T!^fc^l,fc3'&©V'-*->Z. 1 

atCJ:y, !/->«:3«flH/C%, 6a«Lfci:Si:H 

[0079] m:©t§£©^fiIThP, ThQ©fS3£ 

\i\ *fc, ^fitThR, ThP, ThQtt. £T©V 
-f * D * >M 1 ~M 3 T-raHBSrffiV ^«#T?BWi L/fe 
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fflBWei*. *FW#3«T? , ^f*n*>#3«©1i£tc 

^©££) «u -e©*££LT%»&v*;tf. -?-©3{H©ft 
©«ky^ci£vM0=fo®3!I-rsic^ gi£tii&ThQ 
fr&ThS (ThP>ThS>ThQ) 015 
10 ©2 10, 2 12, 2 14®#^®»CH»CBI1 5©2 0 

9~2 1 4 fcBHjWswaawa-ftsawT, 3«©wa*& 1 

[0 0 8 0] Ell 7fC:^U£:#yi{C33V\T, *-©l/<^ 
©ft »; KBMBS&Ev vlxtt El l 8 (CCTb&SEHiffigg 
fc*U«bfc^*fB-*iD«CE»c, Hi 7ics*Lfc«aHMJl 
=feiiWT-^€.o J^cJ5V^tt#v-f*a*>©ffcd?- 

i-**tett*^#^*/i>©/TO-;*<'<i' 

1K. WW»«LT*J:V\, *©««:I81 9CEB1, Ell 
20 1 fc#/St-*«»i:HI--«F»«:#tfTwU i*i6>i:» 
&£gp#©#&Sftf?3i--5., £©ftK?tt'^f*n>lt>i, 
2 J: »J©&*-v*/Ht*tt. /XS-*"?* h;i/#£?8P3 

* h;wc|fiftSft. *©fk #^**;v-£fc**H»W 
4 T?*»«icdMwa*u ^mtsvmsd 1 o©w?ism# 

30 [0081] &&Gmmi/'<Mmmm'**Jumi' 
som&mm 5 t^mm^i^m 1 0 t^^&stu ^ 

*1&©»#T*H1, HI lTBW!bfcJ:-5K:«aS*i6 
*©ffi©^ttEI 1 Xt*EI 1 1 ©#^i: RI-T'feS. EI 

*Afl8l9IBB&iE>*&fflV^ fMx©fP»^6)J!I*Lfe^ 
tfcJRftEbTtiJiv^ *feEI5 5:#fiSL,T^bfellSgM 

40 T, W®fiA^P«Lfe^&fISl/TfeJ:V^ El 5 

Hl*©Wft»«»4, Hi l. Ell 8*©MT«d«I 
BP4 0, H2 0tp©9ttdffi8lS2 3 3. H2 1tf>©M 
^H»2 4 1 tCfeWS#JS»^^c©^f!I^-f LfcH 

©4Mffl»S:Sv^clW:e>«T ! fcJ:v\ EI2 0*©^igc9- 
Slg|52 3 3 «^©^©^aa©7t»fc, -^©A^rft-9©/^ 

50 tC4MHbT*J:V%. 
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[0 0 8 2] MTlzm6~QlzBLtzZ<m®ZMMls 

fr^wzzommzmmu *©iSK#«afoa$4-e 

^JStt-tn^tU 0. 4 7ms, 2dBT**. 
[0 0 8 3] ^^f3gP4©^JSS5C^fglju *55H 
z, 10Hz, 20Hz, 40Hz, 80Hz©5*gg 

tit £ft&©*w!raTS«i,fc«*4u ism^ (O 

S) ©tf6«R©ft'WC-3VVtWflliUfc. ft*, 

5kHz «MftMffllf fc&© J: 3 Wto 

[0 0 8 4] 02 2lC«j|*"l?jj*-*. ##1*. V* 

•m<mL&&t>n:iz^z*, mwmimffitf sohz 
icftstrawtttf^fcy **jm<j>5tfm 

[0 0 8 5] $Sfc#te, iE*ft«b!jfejfr3 2 0f»»&3 
0ft©H;fcA5A£l/fc o #SFWCoWC, 5TOZ)Jf 

-f tf^-f v V KlSBRU fflco^t 5©pgT'l?<ii5S-& 

02 2ic|9ira5**. £«s lfco^TfcMiiSai^ 

|gl 0Hz©»£#--#8«*;iW*V\, ^T©^ 
Kttt$Vffi<mKX&m. (o<0. 0 5) 

#g§#S2~4, 6tC^Tfc«3MgSeft#gtg2 0H 
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